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EXPRESS MAIL NO. EL872044135US 



REDUCED POWER REDUNDANCY ADDRESS DECODER AND COMPARISON 

CIRCUIT 

TECHNICAL FIELD 

The present invention relates generally to semiconductor memory devices, 
and more specifically, to a redundancy address decoder and comparison circuit for a 
memory device having redundant memory. 

BACKGROUND OF THE INVENTION 

Typical integrated memory devices include arrays of memory cells arranged 
in rows and columns. In many such memory devices, several redundant rows and columns 
are provided to replace malfunctioning memory cells found during testing. Testing is 
typically performed by having predetermined data values written to selected row and 
column addresses that correspond to memory cells. The memory cells are then read to 
determine if the data read matches the data written to those memory cells. If the read data 
does not match the written data, then those memory cells are likely to contain defects which 
will prevent proper operation of the memory device. 

The defective memory cells may be replaced by enabling the redundant 
circuitry. A malfunctioning memory cell in a column or a row is substituted with a column 
or row of redundant memory cells. Therefore, a memory device need not be discarded even 
though it contains defective memory cells. Substitution of one of the redundant rows or 
columns is accomplished in a memory device by programming a specific combination of 
fuses, or if the memory device uses antifuses, by programming a specific combination of 
antifuses, located in one of several fuse or antifuse blocks in the memory device. 
Conventional fuses are resistive devices which may be opened or broken with a laser beam 
or an electric current. Antifuses are capacitive devices that may be closed or blown by 
breaking down a dielectric layer in the antifuse with a relatively high voltage. 



A specific combination of antifuses are programmed to correspond to an 
address of a row or column having defective memory cells. For example, if the defective 
row or column has a 1 1-bit binary address of 10010010010, then the antifuses in a set of 1 1 
antifuses are programmed to store this address. The sets of antifuses are typically arranged 
in an antifuse block with the number of antifuses equal to the product of the number of 
address bits per a row or column address and the number of redundant rows or columns 
available for memory repair. The memory device contains several antifuse blocks, each 
block typically corresponding to a redundancy "plane," that defines the available redundant 
memory associated with a particular portion of a memory array. For example, the memory 
array of modern memory devices are often divided into individually addressable banks of 
memory, with each bank of memory typically further segmented into smaller regions, or 
blocks of memory. Each memory block includes a limited amount of redundant rows and 
columns of memory that can be used to repair defective memory in the memory block. An 
antifuse block is used to program the rows and columns of memory for the memory block 
that are mapped to redundant rows and columns of memory, respectively. 

Each row or column address received by a memory device is compared to 
the programmed addresses that have been mapped to redundant row or column memory, 
respectively. Comparison of received memory addresses to the programmed addresses of 
the antifuse blocks is transparent to the user and is made by redundancy decoder circuitry 
coupled to the antifuse blocks. The redundancy decoder circuitry includes redundancy 
comparison logic for each antifuse block in a bank of memory. As previously discussed, a 
bank of memory is typically subdivided into blocks of memory, each of which has an 
antifuse block for programming the row and column addresses of memory within the 
memory block that will be mapped to redundant rows and columns of memory in the 
associated redundancy plane. When row and column addresses for an activated bank of 
memory are received, they are compared by the redundancy comparison logic for each of 
the antifuse blocks. If an address match is detected by one of the redundancy comparison 
logic, a match signal MATCH is generated to indicate that memory has been remapped to 
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redundant memory for that memory block and the MATCH signal is provided to an address 
decoder, either row or column, to activate the appropriate row or column of redundant 
memory. After comparison, the row of memory corresponding to the row address, or the 
redundant row of memory to which the row address is mapped, is activated for one of the 
5 memory blocks, and the column of memory corresponding to the column address, or the 
redundant column of memory to which the column address is mapped is activated for the 
same memory block. A memory operation is then performed on the accessed memory 
location at the intersection of the selected row and column of memory. 

As the memory address changes, and each new address is compared against 

10 the addresses programmed in each antifuse block, switching currents result from each new 
address applied to the redundancy comparison logic. Although only one block of memory 
will have the memory location corresponding to the row and column address, the memory 
addresses are nevertheless compared to the addresses programmed in each antifuse block of 
an activated bank of memory. For example, after decoding a row address and activating the 

1 5 row of memory in one of the memory blocks of a bank of memory, the column address will 
be compared to the addresses programmed in all of the antifuse blocks of the bank of 
memory, although the activated row of memory is associated with only one of the memory 
blocks. The switching currents resulting from the comparison of the column address by the 
redundancy comparison circuits for the antifuse blocks of all the other memory blocks of 

20 the bank of memory results in unnecessary power consumption. The problem with 
switching currents is exacerbated by "burst modes" of synchronous memory devices where 
a row of memory remains activated while new column addresses are provided every clock 
cycle in order to quickly read data from or write data to the activated row of memory. With 
each new column address, the switching currents from the unnecessary comparison of the 

25 column addresses by the redundancy comparison circuits for the memory blocks not having 
the activated row of memory are wasted. 

Therefore, where minimizing unnecessary power consumption is desirable, 
alternative methods and systems for performing address comparison to addresses 
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programmed by fuses, or antifuses, such as in memory applications for programming 
redundant memory, would be preferable. 

SUMMARY OF THE INVENTION 

According to one aspect of the invention, a redundancy address decoder is 
5 provided for a memory having at least one bank of memory segmented into a plurality of 
memory blocks. Each of the memory blocks is associated with a redundancy plane having 
a programmable element block storing programmed addresses that are mapped to redundant 
memory of the redundancy plane. The redundancy address decoder includes a plurality of 
redundancy comparison circuitry coupled to a respective one of the programmable element 

10 blocks to generate a match signal in response to detecting an address match with one of the 
programmed addresses. The redundancy address decoder further includes redundancy 
driver select logic coupled to each of the redundancy comparison circuitry to activate a 
selected one of the redundancy comparison circuitry for comparing a portion of a memory 
address corresponding to a memory location with the programmed addresses of the 

15 respective programmable element blocks. The selection of the redundancy driver to 
activate is based on the memory bank in which the memory location is located. 

According to another aspect of the invention, a method of comparing a 
memory address to programmed addresses stored in a plurality of programmable element 
blocks is provided. Each of the programmable element blocks identifies memory locations 

20 in a respective memory block to be mapped to a respective redundancy plane. The method 
includes gating the memory address for comparison with the programmed addresses of the 
programmable element block associated with the memory block in which the memory 
location corresponding to the memory address is located and blocking the memory address 
from comparison with the programmed addresses of the programmable element blocks for 

25 the unaccessed redundancy planes. A match signal is generated in response to the memory 
address matching one of the programmed addresses of the programmable element block to 
which the memory address is gated. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a functional block diagram of a synchronous memory device 
including a redundancy address decoder according to an embodiment of the present 
invention. 

5 Figure 2 is a functional block diagram of a redundancy address decoder 

according to an embodiment of the present invention. 

Figure 3 is a logic gate diagram of a portion of a redundancy driver select 
circuit according to an embodiment of the present invention. 

Figure 4 is a logic gate diagram of a portion of a redundancy driver circuit 
1 0 according to an embodiment of the present invention. 

Figure 5 is a functional block diagram of a computer system including a 
synchronous memory device of Figure 1 . 

DETAILED DESCRIPTION OF THE INVENTION 

Embodiments of the present invention provide a redundancy address 

15 decoder that avoids unnecessary switching currents that occur during the comparison of 
memory addresses to programmed addresses of memory locations mapped to redundant 
memory. Certain details are set forth below to provide a sufficient understanding of the 
invention. However, it will be clear to one skilled in the art that the invention may be 
practiced without these particular details. In other instances, well-known circuits, control 

20 signals, and timing protocols have not been shown in detail in order to avoid unnecessarily 
obscuring the invention. 

Figure 1 is a functional block diagram of a memory device 100 including a 
redundancy address decoder 200 according to an embodiment of the present invention. As 
will be explained in more detail below, the memory device 100 in Figure 1 is a double-data 

25 rate (DDR) synchronous dynamic random access memory ("SDRAM"), although the 
principles described herein are applicable to any memory device that may include 
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redundancy memory, such as conventional synchronous DRAMs (SDRAMs), as well as 
packetized memory devices like SLDRAMs and RDRAMs. 

The memory device 100 includes an address register 102 that receives row, 
column, and bank addresses over an address bus ADDR, with a memory controller (not 
5 shown) typically supplying the addresses. The address register 102 receives a row address 
and a bank address that are applied to a row address multiplexer 104 and bank control logic 
circuit 106, respectively. The row address multiplexer 104 applies either the row address 
received from the address register 102 or a refresh row address from a refresh counter 108 
to a plurality of row address latch and decoders 1 10A-D. The row address multiplexer 104 

10 applies the refresh row address from the refresh counter 108 to the decoders 110A-D and 
the bank control logic circuit 106 uses the refresh bank address from the refresh counter 
when the memory device 100 operates in an auto-refresh or self-refresh mode of operation 
in response to an auto- or self-refresh command being applied to the memory device 100, as 
will be appreciated by those skilled in the art. The bank control logic 106 activates the row 

15 address latch and decoder 1 10A-D corresponding to either the bank address received from 
the address register 102 or a refresh bank address from the refresh counter 108, and the 
activated row address latch and decoder latches and decodes the received row address. In 
response to the decoded row address, the activated row address latch and decoder 110A-D 
applies various signals to a corresponding memory bank 112A-D to thereby activate a row 

20 of memory cells corresponding to the decoded row address. 

A column address is applied on the ADDR bus after the row and bank 
addresses, and the address register 102 applies the column address to a column address 
counter and latch 114 which, in turn, latches the column address and applies the latched 
column address to a plurality of column decoders 116A-D. The bank control logic 106 

25 activates the column decoder 116A-D corresponding to the received bank address, and the 
activated column decoder decodes the applied column address. Depending on the operating 
mode of the memory device 100, the column address counter and latch 114 either directly 
applies the latched column address to the decoders 116A-D, or applies a sequence of 
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column addresses to the decoders starting at the column address provided by the address 
register 102. In response to the column address from the counter and latch 114, the 
activated column decoder 116A-D applies decode and control signals to an I/O gating and 
data masking circuit 118 which, in turn, accesses memory cells corresponding to the 
5 decoded column address in the activated row of memory cells in the memory bank 1 12A-D 
being accessed. 

Each memory bank 1 12A-D includes a memory-cell array having a plurality 
of memory cells arranged in rows and columns. The memory banks 1 12A-D are segmented 
in memory blocks (not shown), each of which has an associated redundancy memory plane 

10 having redundant rows and columns of memory to which memory addresses within the 
memory block can be mapped to replace defective memory locations in the respective 
memory block. Mapping of memory addresses for a memory block is accomplished by 
programming the memory addresses of defective memory locations in an antiflise block 
(not shown) associated with the memory block. In determining whether a memory address 

15 has been mapped to redundant memory, the row and column addresses received by the 
memory device 100 are compared to the addresses programmed in the antifuse blocks. In 
an embodiment of the present invention, redundancy address decoders 200A-D are used to 
compare every column address applied to the memory device 100 in order to determine 
whether the column address of a memory block has been mapped to a redundant column of 

20 memory in the respective redundancy plane. 

The redundancy address decoders 200A-D receive the column addresses in 
parallel with the column decoders 116A-D. The redundancy address decoders 200A-D 
further receive a portion of the row address from the row address multiplexer 104. For the 
embodiment of the present invention shown in Figure 1, the redundancy address decoders 

25 200A-D receive two of the thirteen row address signals. The bank control logic 106 
activates one of the redundancy address decoders 200A-D corresponding to the received 
bank address BA<1:0>. The activated redundancy address decoder 200A-D performs the 
address comparison and determines whether the column address has been mapped to 
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redundant column memory. If so, the activated redundancy address decoder 200A-D 
generates a match signal MATCH that is provided to the corresponding activated column 
decoder 116A-D so that the column accessed for the memory block in which the activated 
row is located is the redundant column of memory. The address comparison operation 
performed by the redundancy address decoders 200A-D is similar to conventional 
redundancy address decoders. However, as will be discussed in greater detail below, unlike 
conventional redundancy address decoders, switching currents resulting from unnecessary 
address comparisons are avoided by the redundancy address decoders 200A-D. 

During data read operations, data being read from the addressed memory 
cells is coupled through the VO gating and data masking circuit 118 to a data output 
register 124. In response to an internal clock signal that is synchronized with an external 
clock signal CLK applied to the memory device 100, the data output register 124 
sequentially outputs data DQ in synchronism with a rising or falling edge of the CLK signal 
onto a data bus 126. During data write operations, an external circuit such as a memory 
controller (not shown) applies data DQ, on the data bus 126 and a corresponding data 
masking signal DQM to the memory device 100. The data DQ are input to a data input 
register 128 in synchronism with a rising or falling edge of the CLK signal or a data strobe 
signal DQS (not shown). The data is then clocked out of the data input register 128 and is 
applied to the I/O gating and masking circuit 118. The DQM signal is applied to the I/O 
gating and masking circuit 118 as well. The I/O gating and masking circuit 118 transfers 
the data DQ to the addressed memory cells in the accessed bank 112A-D subject to the 
DQM signal, which may be used to selectively mask bits or groups of bits in the data DQ 
(i.e., in the write data) being written to the addressed memory cells. 

A control logic and command decoder 134 receives a plurality of command 
and clocking signals over a control bus CONT, typically from an external circuit such as a 
memory controller (not shown). The command signals include a chip select signal CS*, a 
write enable signal WE*, a column address strobe signal CAS*, and a row address strobe 
signal RAS*, while the clocking signals include complementary clock signals CLK, CLK*, 
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with the "*" designating a signal as being active low. The command signals CS*, WE*, 
CAS*, and RAS* are driven to values corresponding to a particular command, such as a 
read, write, or auto-refresh command. In response to the clock signals CLK, CLK*, the 
command decoder 134 latches and decodes an applied command, and generates a sequence 
5 of clocking and control signals that control the components 102-128 to execute the function 
of the applied command. 

The command decoder 134 latches command and address signals at positive 
edges of the CLK, CLK* signals {i.e., the crossing point of CLK going high and CLK* 
going low), while the data input registers 128 and data output register 124 transfer data into 

10 and from, respectively, the memory device 100 in synchronicity with both edges of the 
CLK, CLK* signal, which is thus at double the frequency of the clock signals CLK, CLK*. 
The memory device 100 is referred to as a double-data-rate device because the data DQ 
being transferred to and from the device are transferred at double the rate of a conventional 
SDRAM, which transfers data at a rate corresponding to the frequency of the applied clock 

15 signal. The detailed operation of the control logic and command decoder 134 in generating 
the control and timing signals is conventional, and thus, for the sake of brevity, will not be 
described in more detail. 

Figure 2 illustrates a redundancy decoder 200 for column redundancy 
memory of a bank of memory that can be substituted into the memory device 100 of 

20 Figure 1. The redundancy decoder 200 receives the column address signals CA<10:0> 
from the column address counter/latch 114 (Figure 1) and is applied to four redundancy 
drivers 202-205. Each of the redundancy drivers 202-205 is coupled to a respective 
redundancy comparison logic 212-215 and provides gated column address signals 
CA'<10:0> to the respective redundancy comparison logic 212-215 when activated by a 

25 redundancy driver select logic 220. The redundancy driver select logic 220 activates one of 
the redundancy drivers 202-205 based on a portion of the row address signals RA<12:0> 
and provides the CA'<10;0> signals to the respective redundancy comparison logic 212- 
215. That is, the redundancy driver select logic 220 generates a redundancy driver enable 
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signal RDRVENn that allows for the respective redundancy driver 202-205 to provide the 
CA'<10:0> signals to the respective redundancy comparison logic 212-215. 

In response to receiving the CA'<10:0> signals, the redundancy comparison 
logic 212-215 compares the CA'<10:0> signals with the addresses programmed in a 
respective antifiise block 222-225. It will be appreciated that each of the redundancy 
drivers 202-205, redundancy comparison logic 212-215, and antifiise blocks 222-225 is 
associated with a redundancy plane of a respective memory block. As previously 
discussed, a bank of memory is typically segmented into blocks of memory, each of which 
has its own redundancy plane. The redundancy decoder 200 is shown as having four sets of 
redundancy drivers, redundancy comparison logic, and antifiise blocks. Consequently, the 
redundancy decoder 200 is suitable for use with a bank of memory that is segmented into 
four memory banks with each memory bank associated with a respective redundancy plane. 

As shown in Figure 2, row address signals RA<12:11> are provided to the 
redundancy driver select logic 220 to activate one of the four redundancy drivers 202-205. 
The RA<12:1 1> signals are indicative of the memory block in which a row of memory will 
be activated. Thus, providing the RA<12:1 1> signals to the redundancy driver select logic 
220 allows for the activation of the redundancy driver 202-205 for only the memory block 
in which the activated row of memory is located. Consequently, comparison of the 
CA'<10:0> signals is limited to the programmed addresses of the antifiise bank 222-225 of 
the redundancy plane associated with the memory block having the activated row of 
memory. In this manner, unnecessary switching current from comparing the CA'<10:0> 
signals in the other three redundancy comparison logic can be avoided. 

It will be appreciated that the functional blocks of the redundancy 
decoder 200 can be implemented using conventional circuits and technologies well known 
to those ordinarily skilled in the art. Thus, detailed description of conventional circuits 
have been omitted from herein in order to avoid unnecessarily obscuring the present 
invention. For example, the circuitry and design of a suitable redundancy comparison logic 
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212-215 for comparing the CA'<10:0> signals to programmed addresses in the respective 
antifuse blocks 222-225 is well known. 

In operation, bank address signals BA<1:0> are provided to the memory 
device to activate a bank of memory and row address signals RA<12:0> are decoded to 
select a row of memory in a memory block corresponding to the RA<12:0> signals for the 
activated bank of memory. As previously discussed, and as will be explained in more 
detail below, some of the RA<12:0> signals are also used by the redundancy decoder 200. 
In the particular embodiment shown in Figure 2, RA<12:11> signals are applied to the 
redundancy driver select logic 220. Column address signals CA<10:0> are then provided 
to the memory device and latched by the column address counter/latch 1 14. The CA<10:0> 
signals are then provided to both the column decoder 1 16A-D and the redundancy decoder 
200A-D (Figure 1). Operation of the column decoder 1 16A-D in response to receiving the 
CA<10:0> signals is conventional, and as previously described. With reference to 
Figure 2, the CA<10:0> signals are provided to all four redundancy drivers 202-205 of the 
activated redundancy decoder 200. At this time, the RA<12:1 1> signals have already been 
provided to the redundancy driver select logic 220 for the activation of one of the 
redundancy drivers 202-205. Only the activated redundancy driver 202-205 will provide 
the CA'<10:0> signals to the respective redundancy comparison logic 212-215. 

For the purpose of providing an example, it will be assumed that the 
RA<12:11> signals represent the binary value "01". In this case, the redundancy driver 
select logic 220 generates an active RDRVEN1 signal, while the RDRVEN0, RDRVEN2, 
and RDRVEN3 signals remain inactive. In response to the active RDRVEN1 signal, the 
redundancy driver 203 gates the CA<10:0> signals to be provided as the CA'<10:0> 
signals to the redundancy comparison logic 213. Comparison of the CA'<10:0> signals to 
the programmed addresses of the antifuse block 223 is then performed by the redundancy 
comparison logic 213. If the CA'<10:0> signals represents a column address that matches 
one of the programmed addresses, an active MATCH signal is generated. Otherwise, the 
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MATCH signal remains inactive, indicating that the CA'<10:0> signals do not match any 
of the programmed addresses. 

The MATCH signal is provided to the column decoder 116A-D (Figure 1), 
which during the address comparison process has already decoded the CA<10:0> signals to 
the extent that the actual column of memory cells corresponding to the CA<10:0> signals is 
ready to be activated. In the event an active MATCH signal is generated by the redundancy 
comparison logic 213, indicating that the requested column of memory has been remapped 
to a redundant column of memory, the column decoder does not select the "actual" column 
of memory cells, but instead, selects the redundant column of memory cells to which the 
requested column (ie, represented by the CA<10:0> signals) has been mapped. However, 
if the MATCH signal remains inactive, indicating that the requested column of memory has 
not been remapped, the column decoder selects the actual column of memory cells. Access 
to the memory location corresponding to the RA<12:0> and CA<10:0> signals then 
proceeds in a conventional manner. 

In summary, as illustrated by the previous example, the comparison of the 
requested memory address, represented by the CA<10:0> signals, to the programmed 
memory addresses of an antifiise block is made only for the memory block in which the 
row corresponding to the row address signals RA<12:0> is located. As previously 
described, only the redundancy driver 202-205 associated with the memory block in which 
the activated row is located is activated by the redundancy driver select logic 220 through 
the use of a portion of the RA<12:0> signals. In the embodiment illustrated and described 
with respect to Figure 2, the RA<12:11> signals are used to select one of the four 
redundancy drivers 202-205 to provide the CA<10:0> signals to the respective redundancy 
comparison logic 212-215 for comparison. The other redundancy drivers remain inactive, 
thereby avoiding the unnecessary switching current that results from conventional 
redundancy decoder operation. 

It will be appreciated that although the previously described embodiment 
was described with respect to column redundancy, embodiments of the present invention 
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can be also used for row redundancy as well, where applicable, without departing from the 
scope of the present invention. Those ordinarily skilled in the art will obtain sufficient 
understanding from the description provided herein to make such modifications as needed 
to practice embodiments of the present invention as applied to row redundancy. It will be 
5 further appreciated that the specific number of address signals used to determine the 
particular redundancy driver 202-205 to activate, and the specific number of address signals 
representing the column address are not intended to limit the invention to the particular 
embodiment. Those ordinarily skilled in the art will appreciate that the number of address 
signals representing the row and column addresses are details that can be modified without 

10 departing from the scope of the present invention. 

Figure 3 illustrates a portion of a redundancy driver select logic 300 
according to an embodiment of the present invention. The redundancy driver select 
logic 300 can be substituted for the redundancy driver select logic 220 shown in Figure 2. 
The redundancy driver select logic 300 includes the logic gates shown in Figure 3 for the 

15 generation of redundancy driver enable signals RDRVENn that are used to select particular 
redundancy drivers 202-205 (Figure 2) for activation. First and second inverters 302, 304 
are included to generate complementary address signals RA_<12:1 1> from the RA<12:1 1> 
signals, respectively. The four resulting address signals RA<12:11> and RA_<12:11> are 
used in combination to identify which of the redundancy drivers 202-205 to activate. In the 

20 redundancy driver select logic 300, the different combinations of the four address signals 
are provided to a respective NOR gate, 306, 308, 310, 312, each of which provides one of 
the RDRVENn signals. In Figure 3, the NOR gate 306 provides the RDRVEN3 signal, the 
NOR gate 308 provides the RDRVEN2 signal, the NOR gate 310 provides the RDRVEN1 
signal, and the NOR gate 312 provides the RDRVEN0 signal. 

25 Using the previous example for illustration of the operation of the 

redundancy driver select logic 300, that is, the RA<12:11> signals represent the binary 
value "01", it is apparent that only the RDRVEN1 signal will be active. More specifically, 
only the NOR gate 310 will generate an active output signal, while the output signals of the 
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other NOR gates, 306, 308, 312 will remain inactive. Consequently, only the redundancy 
driver 202-205 coupled to the output of the NOR gate 310 will provide the CA<10:0> 
signals to its respective redundancy comparison logic 212-215 for comparison with the 
programmed addresses of the antifuse block 222-225 to which the redundancy comparison 
5 logic 212-215 is coupled. 

Figure 4 illustrates a portion of a redundancy driver 400 according to an 
embodiment of the present invention. The redundancy driver 400 can be substituted for the 
redundancy drivers 202-205 of Figure 2. The redundancy driver 400 includes NAND 
gates 402, each receiving as input signals a respective signal of the column address signals 

10 CA<10:0> and the redundancy driver enable signal RDRVENn. The output of each of the 
NAND gates 402 is coupled to an inverter 404, resulting in essentially an AND operation 
with the RDRVENn signal controlling whether the respective address signal is provided to 
the redundancy comparison logic 212-215 for comparison. That is, when the RDRVENn 
signal is inactive, the output of the respective inverter remains LOW, even if the address 

15 input to the respective NAND gate 402 is changing. Thus, where address comparison with 
the programmed addresses of the antifuse block 222-225 is unnecessary for the memory 
block associated with the redundancy driver 202-205, unnecessary switching current can be 
avoided. In contrast, when the RDRVENn signal is active, the output of the inverters 404 
will change with the input address signal, and the redundancy comparison logic 212-215 

20 coupled to the outputs of the inverters 404 will be able to perform the address comparison 
operation. As a result, the address comparison operation can be limited to only those 
memory blocks selected. 

It will be appreciated that the redundancy driver selection logic 300 
(Figure 3) and the redundancy driver 400 (Figure 4) have been provided by way of 

25 example, and that alternative implementations can be used without departing from the 
scope of the present invention. Those ordinarily skilled in the art will have sufficient 
understanding of the operation of the redundancy driver selection logic and redundancy 
driver to enable the invention to be practiced. 
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Figure 5 is a block diagram of a computer system 500 including computer 
circuitry 502 including the memory device 100 of Figure 1. Typically, the computer 
circuitry 502 is coupled through address, data, and control buses to the memory device 100 
to provide for writing data to and reading data from the memory device. The computer 
5 circuitry 502 includes circuitry for performing various computing functions, such as 
executing specific software to perform specific calculations or tasks. In addition, the 
computer system 500 includes one or more input devices 504, such as a keyboard or a 
mouse, coupled to the computer circuitry 502 to allow an operator to interface with the 
computer system. Typically, the computer system 500 also includes one or more output 

10 devices 506 coupled to the computer circuitry 502, such as output devices typically 
including a printer and a video terminal. One or more data storage devices 508 are also 
typically coupled to the computer circuitry 502 to store data or retrieve data from external 
storage media (not shown). Examples of typical storage devices 508 include hard and 
floppy disks, tape cassettes, compact disk read-only (CD-ROMs) and compact disk read- 

15 write (CD-RW) memories, and digital video disks (DVDs). 

From the foregoing it will be appreciated that, although specific 
embodiments of the invention have been described herein for purposes of illustration, 
various modifications may be made without deviating from the spirit and scope of the 
invention. For example, the addresses of memory locations that have been remapped to 

20 redundant memory locations have been described as being programmed through the use of 
antifuses. However, embodiments of the present invention include the use of fuses for 
programming the address locations as well. Such modifications can be made to the 
previously described embodiments without departing from the scope of the present 
invention. Accordingly, the invention is not limited except as by the appended claims. 



